The Very Simple Dynamic model (VSD), which has been developed as the simplest extension of steady-state models, has been used for dynamic modelling of critical loads to forest ecosystems. The model consisting of a set of mass balance equations describes the soil input and output data relationships and fluxes, and soil properties. The mapping of critical loads of acidity and eutrophication effects is performed on 25562 deciduous, coniferous and mixed forest soil receptor polygons (area > 0.01 km 2 ). The results have been mapped in the geographical units of EMEP grid (50  50 km 2 ).
I. INTRODUCTION
At the beginning of the 1980s the increasing damaging (e.g. defoliation) of forest trees was observed almost in all parts of Europe. Prevailing researches leading to the development of such scientific hypothesis blame air pollution as the main cause. Increasing emissions of nitrogen species into the atmosphere, long-range transport and deposition processes have been a persistent problem not only in Europe for quite a long time [1] [2] [3] [4] [5] [6] .
Relevant effects of acidification and eutrophication on ecosystems mostly include the following processes: (1) direct toxicity of nitrogen gases and aerosols, (2) accumulation of nitrogen compounds, which result in the increased nitrogen availability and changes in composition of species; (3) soil mediated acidification effects, and (4) increased susceptibility to secondary stress and disturbance factors such as drought, frost, pathogens and herbivores [7] .
As the summarised effect, it could be assumed that the increasing nitrogen inputs may lead to biodiversity loss in terrestrial ecosystems [6, 8] .
For the protection of the environment in Europe, specific targets -threshold values -have been defined. Critical loads are such threshold values. By definition, they are quantitative estimates of an exposure to a deposition of one or multi pollutants below which significant harmful effects on specific sensitive elements (e.g. forests, bogs, fishes, monuments) of the environment do not occur according to present knowledge. The 1999 Gothenburg protocol sets emission ceilings for 2010 for acidification and eutrophication processes responsible substances -nitrogen and sulphur, as well as for volatile organic compounds. The aforementioned emission ceilings were negotiated on the basis of assessment of critical loads and levels.
Critical load exceedances have been also used for managing emission reduction targets, which is a part of the UNECE Convention on Long-range Transboundary Air Pollution (LRTAP Convention) and the European Union air pollution abatement policy plans.
According to the land use data, forest ecosystems have been set as an indicator for describing acidification and eutrophication effects in Latvia.
Forests cover 3.1 million hectares or 48 percent of the total area of Latvia. During the last 90 years this percentage has had a stable trend of growth, e.g. the increase was from 24.7 percent in the early 1920s to 48 percent in 2010. The territorial distribution of forests in Latvia is not even. Areas with higher forest coverage are in the central part (Riga region), the southeast area (Cesis and Madona regions), as well as in the western parts (Ventspils, Liepaja, Talsi regions). Latvia's forests are regenerated either naturally or artificially. Natural regeneration of pine, spruce and deciduous species take place according to the site conditions on wet mineral and wet peat soils. Artificial rejuvenation involves the use of genetically improved seed and planting stock; forest seed orchards cover a total area of 10811 ha. The main forest tree species are: pine (914.5 thsd ha or 28.9 % of total forest area); spruce (537.4 thsd ha or 17.0 % of total forest area); birch (883.6 thsd ha or 27.0 % of total forest area); asp (244 thsd ha or 7.7 % of total forest area) [18] .
Distribution of forest woodlands are shown in Fig. 1 , and regional distribution of coniferous, broadleaved and mixed forests are shown in Fig. 2 . [19] . The main objective of the study is to determine forest areas in Latvia which could be potentially damaged by acidification and eutrophication processes.
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II. MATERIALS AND METHODS
The critical load approach has been developed and three different methods could be applied, each of them belonging to different level of sophistication -empirical, mass balance and critical load functional approach. The choice of a methodology depends mostly on the data availability.
The simple mass balance (SMB) method is the most commonly used model in Europe for the calculation of acidity critical loads for woodland ecosystems. This model is based on balancing acidic inputs and outputs in a system, to derive a critical load which ensures that a critical chemical limit (related to effects on the ecosystem) is not exceeded.
For this research, SMB method has been used. A generalization method of the data in EMEP geographical units has been used only for mapping, because of the regional scope, in order to harmonize the data on the European level. Critical loads have been calculated for each forest polygon; only very small polygons (area < 0.01 km 2 ) were neglected.
A. VSD model description
The VSD model is a very simple dynamic model that simulates soil solution chemistry and soil nitrogen pools for natural or semi-natural ecosystems [9] . The overall VSD model is the simplest extension of the simple mass balance model that computes the maximum inputs of sulphur and nitrogen to an ecosystem that will not lead to harmful effects [10, 11] .
The equations have been derived from a charge balance of ions in leaching fluxes from the soil compartment, combined with mass balance equations for the inputs, sinks, sources and outputs of sulphur and nitrogen [9, 17] .
The aforementioned processes are described as a simple rate-limited reactions, first order processes and equilibrium reactions -nutrient uptake and weathering, denitrification, cation exchange.
VSD is a single-layer model, i.e., the soil is treated as a single homogeneous compartment. Furthermore, it is assumed that the soil depth is (at least) the depth of the rooting zone, which allows us to neglect the nutrient cycle and deal with net growth uptake only. Additional simplifying assumptions include: (a) all evapotranspiration occurs on the top of the soil profile, (b) percolation is constant through the soil profile and occurs only vertically, (c) physico-chemical constants are assumed uniform throughout the whole soil profile and (d) internal fluxes (such as the weathering rates, nitrogen immobilization etc.) are independent of the soil chemical conditions (such as pH).
As the SMB model describes steady state conditions, it requires long-term averages for input fluxes. Short-term variations -e.g., episodic, seasonal, inter-annual, due to harvest and as a result of short-term natural perturbations -are not considered, but are assumed to be included in the calculation of the long-term mean. In this context, the 'longterm' is defined as about 100 years, i.e. at least one rotation period for forests. Ecosystem interactions and processes like competition, pests, herbivore influences etc. are not considered in the SMB model. Although the SMB model is formulated for undisturbed (semi-natural) ecosystems, the effects of extensive management, such as grazing and the burning of moor, could be included.
The charge balance links all ions considered in the VSD model:
where sum of Ca, Mg and K is treated as a single ion (BC = Ca+Mg+K), Na means sodium, SO 4 sulphate, NO 3 nitrate, Cl chloride and RCOO the sum of organic anions. All concentrations are expressed in equivalents. The leaching of ammonium (NH 4 ) was neglected because of preferential uptake and complete nitrification within the root zone [4] .
Some equilibrium reactions were included in VSD modeldissolution of Al hydroxides, cation exchange and dissociation of bicarbonate and organic acids. Dissolution of Al hydroxides is calculated according to the following equation (known as Gibbsite equilibrium):
where K gibb is the gibbsite equilibrium constant. Concentration of bicarbonates is a function of the pH and dissociation of them is calculated via:
where 
where DOC is the concentration of dissolved organic carbon (molC/m 3 ), m is the concentration of functional groups (mol/molC) and K 1 the dissociation constant. Both parameters DOC and m are site-specific [5] .
According to the fact that the value of K 1 does not always model the dissociation of organic acids properly, assessment of dissociation constant was done by Oliver equation [6] : 
where X tot is the total amount of ion X in the soil (in eq/m 2 ), X in describes the sum of all inputs from deposition and uptakerelease fluxes (eq/m 2 ·yr), Q is the runoff (in m/yr). Concerning SO 4 , NO 3 , Na and Cl interactions with the soil VSD assumes that the total amount of them equals the amount in the soil water:
where Y is SO 4 , NO 3 , Na, Cl,  the water content in the soil (in m 3 /m 3 ), and z the thickness of the soil compartment (in m). Input fluxes in system for sulphate and chloride could be described as depositions alone:
where dep describes total deposition. The fluxes for base cations are calculated by describing deposition and weathering: where WRc is the weathering rate class depending on the parent material and texture class, T is the average annual soil temperature and A=3600 K [9] . The statement for critical loads of nutrient N calculation states to take account of all inputs and outputs of nitrogen, taking account of such processes as denitrification and leaching: (12) where N dep is total N deposition, N i the long-term net immobilization of N in the soil organic matter, N u the net removal of N in harvested vegetation and animals, N de the flux of N to the atmosphere due to denitrification, N le the leaching of N below the root zone.
In case by defining an acceptable limit to the leaching of N, N le(acc) , equation (11) Nitrogen immobilization refers to the long-term net immobilization and accumulation in the root zone, and this process should not lead to significant changes in the prevailing C/N ratio.
Nitrogen uptake flux N u equals the long-term average removal of N from the ecosystem, and it depends on the harvesting practice. Basically, nitrogen uptake is calculated as a function of removed nitrogen (N rem ) and intervals between harvests (T):
The amount of nitrogen in the harvested biomass (stems and branches) is calculated as follows:
where k gr is the average annual growth rate,  st is the density of stem wood, ctN is the nitrogen content in stems and branches and f br,st is the branch-to-stem ratio.
The maximum critical load for acidity (sulphur) has been determined as follows: 
where Q is the precipitation surplus. The relationship between
[H] and [Al] is described by gibbsite equilibrium [16] . ANC le,crit was determined by using critical base cation to proton ratio:
where (Bc/H)crit is critical molar base cation to proton ratio. Values used for (Bc/H)crit are expressed as multiples of (Bc/Al)crit, and these multiples ranging from 0.3 for deciduous forests and ground vegetation to 1 for spruce and pine [7] . The most commonly used value is (Bc/Al)crit=1 (for the coniferous forests), for other types the critical Al leaching is calculated from the leaching of Bc:
Finally, the maximum critical load of nitrogen is calculated as:
B. Model input data
Input to VSD model consists of a set of 24 parameters, listed in Table 1 .
Calibration was done only for model process parameters, such as equilibrium constants, denitrification and immobilization fractions. The above mentioned parameters are uncertain, because estimates are very often based on limited (very small) data sets, and the most important parameters (pH, Al, Bc, base saturation) are very sensitive to these processes parameters. Moreover, these parameters cannot be measured directly.
The thickness of the root zone was set to 50 cm, a part of the soil data were obtained from measurements, and another part was theoretically calculated by using transfer functions. Hydrological and meteorological data, such as temperature, precipitation, evapotranspiration, were prepared by the Latvian Environment, Geology and Meteorology Center.
Deposition data were obtained from integrated monitoring sites. Integrated monitoring in Latvia has been started in 1985 at Rucava station. Description of integrated monitoring sites is given in Table 2 .
Forest map of Latvia from Corine Land Cover was used to obtain information about forest types and density.
Data on harvesting practices were obtained from the State Forest Service annual reports.
The modelling and mapping of critical loads for acidification and eutrophication is based on 25562 deciduous, coniferous and mixed forest soil receptor polygons (area > 0.01 km 2 ). The results have been aggregated for the geographical units of the EMEP (50 · 50 km 2 ) grid. 
III. RESULTS
Critical loads have been calculated using data derived from GIS maps. Critical loads of nitrogen and sulphur have been compared to the actual atmospheric deposition and exceedances evaluated. A deterministic critical load assessment is based on the principle that the deposition of sulphur, oxidized and reduced nitrogen deposition should not exceed the critical load. But it should be recognized that there is uncertainty in the deposition (and the critical load).
The calculated values for critical loads of sulphur and nitrogen give a good initial indication of the spatial variability of the ecosystem sensitivity to acidification in Latvia.
The low values of base cations deposition, due to precipitation together with other parameters, lead to high values of the critical loads for the acidifying pollutants. The calculated values for CL max (S) vary between 734 and 8782 eq/(ha·yr) for deciduous, coniferous and mixed forests. Critical load values for eutrophication (CL max (N)) are much higher, ranging from 2419 to 25497 eq/(ha·yr), and, for nutrient nitrogen (CL nut (N) ), between 107 and 680 eq/(ha·yr).
The dominating CL max (S) values of 63 % are in the range from 4301 to 4800 (eq/(ha·yr)), but only 0.4 % of them are very high (ranges between 5301 to 5700 (eq/(ha·yr))), see Fig.  3 .
More than 50 % of CL max (N) values vary between 12901 and 13900 eq/(ha·yr), see Fig. 4 , which means that more than 50 % of forest ecosystems have a high buffer capacity against eutrophication effects.
About 44 % of CL nut (N) values vary between 201 and 300 eq/(ha·yr), see 
IV. CONCLUSIONS
Since the negative influence of nitrogen in all ecosystems becomes worse (loss of biodiversity), it is valuable to calculate critical loads also for the nitrogen sensitive non-forest ecosystem, such as raised bogs in Latvia, also to protect and monitor this very sensitive ecosystem in the future.
Calculation of critical loads of heavy metals (mercury, cadmium, lead) also has high priority, especially with regard to mercury. The accumulation of mercury, especially in the ecosystems of Nordic countries, is becoming a serious problem. It can be expected that the critical loads of mercury in Latvia are exceeding, due to the hydro biological and geological circumstances (wet lands, high organic carbon content in sediments).
According to the data, calculations and simulations, critical loads for acidification in Latvia are high. The Critical Loads for acidification are not exceeded in any Latvian area. Therefore, acidification does not seem to be a problem in the future.
The situation for eutrophication is similar, and there is no evidence for exceedances as yet.
